We investigated the clinical utility of different strategies for antinuclear antibodies (ANA) and antibodies to extractable nuclear antigens (ENA) testing. All requests for ANA and ENA (n = 485) in a 20-week period were tested by immunofluorescence (FANA) and immunodiffusion (strategy 1), enzyme-linked immunosorbent assay (ELISA) techniques (strategy 2) or a combination of FANA and ELISA (strategy 3). Results of strategy 1 were positive by FANA in 8% (by immunodiffusion in 2%). By ELISA, 11% of the samples tested positive. In 12% (n = 60) of the cases the two strategies did not agree. The positive predictive value (PPV) for autoimmune disease of strategy 1 was significantly higher than that for strategy 2, but after exclusion of rheumatoid arthritis this difference was abolished. In strategy 2 reagent costs were high but working time comparably shorter. With strategy 3 PPV results were not better, whereas costs and working time were higher. The most frequently occurring reasons for ANA/ENA test requests were: joint symptoms (37%), follow up (30%) or abnormal laboratory result (7%). In a survey of the clinicians 66% replied that the test result did not have any consequences, irrespective of the result or the strategy used. We conclude that FANA and immunodiffusion are superior to ELISA techniques. However, the clinical value of ANA/ENA testing is low and more selective test ordering is strongly recommended.
INTRODUCTION
The diagnosis of autoimmune disease (AID) depends on the patient's history, physical examination and radiologic and laboratory investigations. Although the role autoantibodies play in the aetiology of AID is unclear, their detection is considered important in the diagnosis of most AlD.' Various techniques are employed to detect these antibodies. Most techniques rely on immunofluorescence; sometimes Ouchterlony immunodiffusion is used. These techniques require considerable knowledge and experience to interpret. Moreover, they are time-consuming and recent reports have discussed the low clinical benefit of these tests. 2 • 3 Therefore, these techniques are being replaced more and more by enzyme-linked immunosorbent assay (ELISA). The ELISA technique is easy to do and can be automated. Furthermore, its results can be quantified and its interpretation is thus easy and straightforward. However, in ELISA techniques synthetic antigens are often used and in vitro binding of autoantibodies to these antigens may, theoretically, be different from the in vivo situation. Recently, recombinant technology has been applied to synthesize antigens which retain their native conformation and thus overcome the aforementioned disadvantage."
In this study, we compared a recombinant ELISA technique with the classic immunofluorescence and immunodiffusion techniques, for detection of antinuclear antibodies (ANA) and autoantibodies to extractable nuclear antigens (ENA). Besides technical evaluation we also FANA + ID screen (485) »->: --------. studied the financial costs of these assays and their clinical utility.
PATIENTS AND METHODS

Patients
All requests for laboratory investigation of ANAs and ENAs during a 20-week period were prospectively included in the study. The patient's sex and age as well as the name of the clinician requesting the test were taken from the laboratory information system. All patients were informed that their serum might be used for research purposes and that results would be blinded.
Methods
The following strategy was routinely employed when laboratory investigation for ANA and/or ENA antibodies was requested ( Fig. I butTered saline (PBS). The intensity of fluorescence was scored as 0, I + , 2 + or 3 + relative to the intensity of a negative (intensity 0) and a positive (intensity 3 +) control. In every assay both controls provided by the manufacturer were used. The following patterns of fluorescence were discerned: speckled, homogeneous, nucleolar, anti-centromere and cytoplasmic. In the case of a homogeneous pattern the patient's serum was investigated for antibodies against double-stranded DNA (anti-dsDNA). For this purpose Crithidia lucilliae-coated slides (Immunoconcepts; BioMedical Diagnostics) were used. Serum samples were diluted I :40 in PBS and fluorescence intensity of the kinetoplast was scored as 0 to 3 + relative to a negative and positive control (as above). Fluorescence was independently assessed by two technicians. Antibodies against ENAs were investigated by Ouchterlony immunodiffusion on Biolab agarose plates (Gull, Limal, Belgium). This technique was always used, independent of the FANA results. Extracts of spleen and thymus tissue served as antigens. In positive cases (i.e., a precipitation line) the patient's serum was further investigated by using a control serum sample with known activities against the following ENAs: SS-A, SS-B, Sm, ribonucleoprotein (RNP), scleroderma antigen (Scl-70), proliferating cell nuclear antigen (PCNA) and Jo-1. Serum samples were also investigated by a socalled 'screen' ELISA (Varelisa, Elias, Immuno Quality Products, Groningen, The Netherlands). In this technique serum samples (dilution 1:100) were incubated in a 96-well plate which had been coated with the following recombinant antigens: SS-A, SS-B, RNP, Scl-70, Jo-l, dsDNA, centromere protein B (CENP-B), polymyositisscleroderma antigen (PM-Scl), and the following synthetic antigens: Sm, Sm-RNP complex and histones. Every assay contained a negative control and a calibrator. After incubation with a peroxidase conjugate and an enzyme substrate, respectively, a stop solution was added and absorbance read at 450 nm in a microwell system (reader 510, Organon Teknika, Oss, The Netherlands). Between the incubations, plates were washed using an automated washer (S8/12 titertek microplate washer, Flow Laboratories, Irvine, Scotland, UK). A calibrator in combination with a 'factor value' provided by the manufacturer were used to determine the optical density (OD) of the cut-off. When the ratio between the sample OD and the cut-off OD was < 1·0 the sample was considered negative, when the ratio was between 1·0 and 1-4 the sample was equivocal and when the ratio was > 1-4 the sample was considered positive. A positive sample was further investigated in a so-called 'profile' ELISA (Immuno Quality Products) containing SS-A, SS-B, Sm, RNP, RNP-Sm, Scl-70, Jo-I, CENP-B, a negative control and a calibrator. Results were obtained as above. It was previously noted that automated washing (lasting > 20 s) between the incubations in the profile ELISA resulted in false positive results for the negative controls. Therefore, manual washing was undertaken and care was taken not to increase washing time beyond 20 s.
Strategies
The following three strategies were applied: in the first strategy results of the FANA test and Crithidia lucilliae immunofluorescence and Ouchterlony immunodiffusion were used ( Fig. 1 ). This strategy had routinely been used by our laboratory in the investigation of ANAs and ENAs. In the second strategy only the results of ELISA techniques were used. In the third strategy, a combination of the FANA test and ELISA techniques were used. The latter strategy is recommended by the manufacturer of the recombinant ELISA: in the case of a positive
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FANA, serum samples should further be investigated by ELISA.
Only results from the first strategy (i.e., HEp-2 and Crithidia lucilliae immunofluorescence and immunodiffusion) were reported to the clinician. Both intensity and pattern of fluorescence were reported together with results of immunodiffusion as well as a clinical interpretation of the laboratory investigation. In this strategy, the following results were reported as negative: fluorescence 1+ or less relative to the negative control (irrespective of pattern), cytoplasmic fluorescence, and speckled fluorescence without detectable antibodies against ENAs. All other results were reported as positive.
Survey
When a result in any strategy was positive the clinician requesting the test was asked in writing about the reason for the request, the consequences of the test results and the presence of AID in the patient.
Statistical analysis
All data were analysed using SPSS for MS Windows (Release 6.0, SPSS Inc, Chicago, IL, USA). Crosstables were used to determine the predictive values of each strategy and statistical significance (set at P < 0'05) was tested by chisquare tests. When more than two groups were compared a Bonferroni correction was applied.' Presence or absence of AID (to calculate predictive values) was determined from the clinician's explicit answer in the survey. Clinical diagnosis of AID in this hospital is based on the American Rheumatoid Association standards.
Costs
Reagent costs were taken from the manufacturer's list prices. Costs for plastic disposables were not included nor were costs for hardware such as microscopes, automatic apparatus etc. Time to complete the tests was determined from incubation times as mentioned in the manufacturer's procedures and time necessary for analysis and interpretation of a test.
RESULTS
From a total of 500 serum samples prospectively included during a 20-week period, IS samples were excluded from analysis [due to multiple requests for the same patient (n = 10), disagreement between technicians about fluorescence pattern (n = 4), and a false report (n = 1)], leaving 485 results for analysis.
The mean age of the patients was 53 years (range: 2-92); 64% were female. The vast majority of ANA/ENA requests were for middle-aged women. Most requests were done by the internist (29%), the rheumatologist (21%) and the general practitioner (18%).
Strategies
When using immunofluorescence and immunodiffusion techniques (strategy 1) the following results were obtained ( Fig. 1) : in 18% of the cases a positive FANA test was found with speckled (n = 38), homogeneous (n = 24), anticentromere (n = 2), nucleolar (n = 2) or combined (n = 4) patterns. Cytoplasmic fluorescence occurred in the remaining 19 samples. Immunofluorescence of the kinetoplast of Crithidia lucilliae occurred in 17% (n = 4) of the serum samples showing homogeneous patterns in HEp-2 cells. Immunodiffusion was positive in 2% (n = 10) of the cases (see Table 1 ): antibodies against SS-A occurred in five patients, anti-RNP in two, and anti-Jo-I and anti-Sm in one, whereas one patient had an unidentifiable ENA. Combined antibodies did not occur. In cases of a positive immunodiffusion result, the result of the FANA test was always positive.
The results were reported as negative for 446 samples (Fig. I) : fluorescence less than I (n = 330) or 1+ (n = 63) relative to the negative control, cytoplasmic fluorescence (n = 19) and speckled fluorescence without antibodies to ENAs (n=34).
In the second strategy (ELISA) the following results were obtained: II % of the cases (n = 55) resulted in equivocal and II % in positive results in the screen ELISA. When positive samples (n = 55) were further tested in a profile ELISA 36% of these (n = 19) were positive. The following antibodies were found (see Table I ): anti-SS-A plus SS-B (n = 4), anti-CENP-B (n = 3), anti-RNP (n = 2), anti-Sm (n = 2), anti-Sm plus RNP (n = 2), anti-Scl-70 (n = 2), and other combinations (n = 4). The remaining serum samples (n = 36) that tested positive in 
SS-A + SS-B + CENP-B Anti-centromere 3 + SS-A SS-A + SS-B + Sm Homogeneous 2 + SS-A Sm + SS-B + Scl-70
Negative Negative polymyositis (n = I), mixed connective tissue disorder (MCTD, n = 1) and Sjogren syndrome (n = I).
See text for cut-off values for positive and negative results (Materials and Methods section). In 12% of cases both strategies disagreed. ELISA = enzymelinked imrnunosorbent assay; 10 = immunodiffusion; FANA = fluorescent antinuclear antibody.
the screen ELISA but negative In the profile ELISA were not further tested.
In Table 2 the results of both strategies are shown. In 12% of the cases (n = 60) the strategies did not agree. Furthermore, results of the profile ELISA did not agree with results of the immunodiffusion (Table I) Table 3 shows predictive values, costs of reagents and time required to complete the test for the three strategies. The predictive value of a positive test using the first strategy was statistically different from that of the other strategies. It should be mentioned, however, that there were no differences in the predictive value of positive tests when rheumatoid arthritis was excluded among the three strategies (see Table  3 ). The predictive value of a negative test did not differ among the three strategies. Although reagent costs of the ELISA strategy were highest, working time was lowest compared with the other strategies.
Predictive values and costs
Results of the study were not affected by stratifying the study group to outpatient/ inpatient, sex or age.
Survey
One hundred and four letters were sent and the response rate was 80%. No statistical differences could be found between the response rate in the different strategies. Reasons for requesting ANA/ENA tests were: joint symptoms (37%), follow-up of known AID (30%), abnormal laboratory result (7%) and miscellaneous (26%). In 66% of the cases the doctor replied that the test result did not have any consequences. This number did not change after stratification of cases by positive or negative test result or by strategy used. AID was diagnosed in 2S patients in the surveyed group, comprising rheumatoid arthritis (RA, n = 18), systemic lupus erythematosis (SLE; n = 4),
DISCUSSION
The laboratory may play an important role in the diagnosis of AID. I Among the most frequently ordered tests in rheumatology are those for ANAs and ENAs. Detection of specific autoantibodies is time-consuming, expensive and requires considerable experience. Therefore, so-called 'cascade' testing is undertaken.v? a patient's serum is first screened with a highly sensitive test to determine whether autoantibodies are present. If this test is positive a more specific test is done to determine the specificity of the autoantibody. Different techniques may be used to detect autoantibodies in a patient with suspected autoimmune disease. Therefore, PPY and NPY for autoimmune disease excluding rheumatoid arthritis are given in parentheses. Reagent costs and time required to complete the tests are approximations. • P = 0·04416 (strategy I versus strategy 2 including rheumatoid arthritis; X 2 with Bonferroni correction); all other differences in PPY and NPY between the three strategies were not statistically significant. FANA=fluorescent antinuclear antibody; IO=irnmunodiffusion; ELISA = enzyme-linked irnmunosorbent assay.
in cascade testing different strategies may be used to detect autoantibodies. This might affect the clinical utility of these tests. In view of this fact, we compared three strategies in terms of their clinical utility and laboratory costs. Classically, immunofluorescence tests are used to detect auto-antibodies. A major advantage of this technique is the use of tissues or cells in which the antigens are conserved in native conformation. Several disadvantages have, however, also been reported: interpretation of fluorescence patterns requires considerable experience while recent reports questioned the clinical benefit of this technique.P-' While ELISA techniques have been claimed to overcome the latter disadvantages, conservation of antigen conformation remains an interesting challenge when using this technique. The ELISA used in this study was based on recombinant DNA technology to conserve the native conformation of the antigens. In view of these advantages we hypothesized that the ELISA technique will be superior to FANA and/or immunodiffusion.
Although data on the sensitivity/specificity of a test are important for technical purposes, data on the predictive values of a test are much more indicative of its clinical utility. Since the predictive values of a test result depend on the prevalence of the disease, prospective studies are necessary in which a sufficiently large patient group is studied. We feel our study is representative for a non-academic general hospital in which the prevalence of AID is low. In our hospital 1500-2000 ANA/ENA tests are ordered annually. The distribution of sex and age of the patients, the reasons for requesting an ANA/ ENA test and the distribution of medical specialties ordering the tests are comparable to other studies.! In this study, cascade testing with FANA and immunodiffusion was slightly better than testing with ELISA techniques in terms of a higher PPV. The predictive value of a negative result did not differ among the different strategies. Reagent costs of the FANA strategy are much lower than for the ELISA techniques. However, the time necessary to complete the fluorescence techniques was greater. Combining FANA and ELISA did not increase the PPV. Interestingly, when RA was excluded from analysis the difference between the PPVs of the different test strategies was not significant. This was probably caused by the low prevalence of AID other than RA in this study. It was earlier reported that the PPV of FANA testing was higher for RA than Ann cu« Biochem 1999: 36 for SLE. 8 One might conclude that there were minimal differences between the strategies in this study. Since the prevalence of RA in a general patient population is higher than that of SLE, most autoantibodies detected in the laboratory occur in RA. 8 We came across several potential disadvantages of the ELISA technique. Firstly, in a pilot study it had been shown that the profile ELISA was affected by the automatic washing procedure, giving rise to many false positive results. Secondly, a high number of serum samples that were positive in the screen ELISA were negative in the profile ELISA. This might indicate falsepositivity or the presence of autoantibodies against histones, dsDNA and/or PM-Scl (these antigens are present in the screen ELISA but are not included in the profile ELISA). In these cases cascade testing using ELISA should be more extensive and is, therefore, more expensive and time-consuming. Thirdly, results from the profile ELISA disagreed totally with those from immunodiffusion (see Table I ). The results of immunodiffusion seemed to agree better with the presence and absence of AID than did those of the ELISA (as was already evident from the higher PPV). Since a gold standard is lacking, we did not test these serum samples further. The disagreement between the techniques might point to false positivity of the ELISA technique. It is often argued that patients with antibodies found by the ELISA technique (and missed by immunodiffusion) might present with AID in the future. Since this study was not longitudinal we cannot comment on this. We think, however, that the aim of ANA/ENA testing is to detect present, not future, AID. Therefore, we feel the stated merit of ELISA techniques is of low clinical value.
A great problem of ANA/ENA tests is the frequent occurrence of false positive results." It had previously been shown that in a population with a low prevalence of disease a positive test result is most often a false positive." We observed earlier that samples with a low intensity of fluorescence, cytoplasmic fluorescence or speckled fluorescence without anti-EN As were frequently clinically insignificant. These samples were, therefore, considered negative in this study. These decisions were also based on reports published earlier." It should be mentioned that the use of different cut-off criteria in the FANA test will invariably influence the outcome of the study (as will different cut-off levels of the ELISA). Cut-off criteria in a qualitative test as FANA should be based on clinical grounds, not solely on fluorescence intensity (or titre) as in several other studies.?
We were surprised at the high number of clinicians replying that the results of the ANAl ENA test did not have any clinical consequences, irrespective of the test result or strategy that had been used. It seemed that AID was most often diagnosed on clinical grounds, with the laboratory (i.e., the ANA/ENA results) playing only a minor role. Even when cascade testing detected specific auto-antibodies, the diagnosis of AID was most often based on other criteria. The low clinical merit of ANA/ENA testing is understandable in view of the low PPV. It is difficult to explain why clinicians still continue to order these tests so frequently. It is clear, however, that decisions to order laboratory tests are not always based on scientific grounds. Earlier studies have reported that with non-selective requesting there is only marginal benefit in ANA/ENA testing when the pre-test probability is low. 2 • 3 More selective test ordering might, therefore, increase pre-test probability and the clinical utility of the test.? The mere presence of joint symptoms is insufficiently selective to justify ordering these tests. We therefore conclude that selective test ordering should strongly be promoted and the role of the laboratory in the diagnosis of AID should be reassessed. At present, immunofluorescence and immunodiffusion are superior to ELISA techniques.
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